Congenital anomalies and autosomal trisomy O was unremarkable. Multiple anomalies were noted at birth, the most striking of which were contractures and spasticity (Fig. 4) . Additional findings included persistent cyanosis, small chin, low-set, abnormally-shaped, pointed ears, high-arched palate, cloudy right cornea, pulmonic systolic ejection murmur over the precordium, omphalocele, flaccid thumbs, and great toes which were set back. A Trisomy has also been reported for group 13-15.1oI8 The following is a summary of a case previously reported by the present authors.'7 This was the only child found to have trisomy for a chromosome in group 13-15. Cytological observations are presented in Table 2 . At birth bilateral cleft lip and palate, capillary hemangiomata over the suboccipital, lumbar, and pilonidal areas, polydactyly of both hands and the left foot and bilateral horizontal palmar creases were observed. The head was narrowed in the temporal regions. There was marked recession of the mandible, and the skin at the nape of the neck was extremely flabby. The sagittal suture was open (7 cm. wide) from the occiput to the bridge of the nose. The eyes appeared normal, with slight hypertelorism. The ears were low-set and small. Two retroperitoneal masses were suggestive of polycystic kidneys. On the third day of life a harsh pansystolic murmur and faint thrill were noted along the left sternal border with radiation to the apex and to the back in the midline. The muscles were generally hypotonic. At six weeks of life the child showed no interest in her surroundings, and she seemed to be severely retarded. She did not react to the ringing of a bell, but she did react to light by blinking. No eye defects were noted, and her fundi appeared normal. An intravenous pyelogram revealed enlargement of the right kidney and dilatation of the calyces on the right. Radiographs also showed a lacunar skull and severe hypoplasia of the mandible. On the 50th day of life she had a right-sided seizure-first tonic and then clonic. She was discharged on the 63rd day to a children's convalescent hospital. She died seven weeks later, and necropsy was not performed.
This child is the only instance of trisomy for a chromosome in the 13 Mongolism (Down's Syndrome) was the first clinical syndrome to be associated with an autosomal chromosome obnormality.'9 The latter was found to consist of the presence of an extra chromosome 21, and was thus called trisomy 21; a number of cases, however, have subsequently been reported to have several types of translocation. 2' In these patients, although the chromosome count is 46, the translocated material is sufficiently large that the patients are effectively trisomic for 21. The following report is a case study of a child exhibiting many features typical of mongolism who had trisomy-21-22. Cytological observations are presented in Table 2 . Center to a 25-year-old Negro mother, and a 26-year-old father. Family history failed to reveal any significant disorders.
At seven months of age a diagnosis of mongolism was made in clinic and the following abnormalities noted: nystagmoid movements of the eye, bilateral epicanthic folds, broad base of the nose, high-arched palate, small incurved little fingers, rudimentary 2nd phalanx, increased space between the first and second toes, simian lines bilaterally and a small urethral meatus.
At 19 months hypotonia, mental and physical retardation, a patent anterior fontanelle, cardiomegaly and left spastic hemiplegia of undetermined etiology were noted. The child died suddenly at 26 months of age. Autopsy findings, in addition to the aforementioned congenital abnormalities, included: fatty change in the liver, an extensive right cerebral infarct occurring secondary to complete occlusion of the right internal carotid artery, and a patent anterior fontanelle.
While the initial impression in clinic was that the patient had mongolism, this was not the opinion during a prolonged admission and at the time of autopsy. The cytological findings of trisomy 21-22, however, confirmed the initial impression, and demonstrated the usefulness of such determinations in obscure clinical situations.
DISCUSSION
From Table 1 it can be seen that the 13-15 trisomy syndrome is distinct from that associated with trisomy 17-18. There are, however, several major anomalies which are found quite frequently in both syndromes. These are: mental retardation, congenital heart defects, low-set ears, and flexion deformities of fingers and hands. Mental retardation has also been noted as a frequent finding in many of the other chromosome abnormalities including mongolism, Klinefelter's Syndrome (XXY) ," triple XU and other less common sex chromosome abnormalities. Low-set ears and congenital heart disease are also found commonly in mongolism."' It appears therefore that these anomalies are not specifically associated with one type of chromosome abnormality. Why these anomalies should be associated with so many different types of trisomy is not clear. Unless it is a nonspecific effect of trisomy for any chromosome, which seems unlikely, the best explanation probably lies in the complexity of the developmental processes in the heart and brain in particular. This complexity might permit alteration in the normal process at many points, yet still result in a sort of developmental phenocopy. Indeed, the finding of an abnormal mid-frontal gyrus in Case 1 may be one example of a specific abnormality contributing to what is lumped together in ignorance as mental retardation. Similarly, while interventricular septal defects have occurred with both trisomy 13-15 and 17-18, a patent ductus commonly occurs with trisomy 17-18 in contrast to several patients with trisomy 13-15 who have had dextrorotation of the heart.
Other anomalies associated with trisomy 17-18 and 13-15, however, appear to be related to the presence of a specific chromosome abnormality. These anomalies are much more useful diagnostically and are listed in the sections A and C of Table 1 . The most unique features of trisomy 17-18 are malformed ears, micrognathia, spasticity, malformed sternum and probably polyhydramnios and dorsiflexion of the hallux. Trisomy 13-15, on the other hand, is best diagnosed on the basis of such findings as polydactylia, capillary hemangiomata, cleft palate and an eye defect. The relationship of individuals with similar anomalies and normal karyotypes to these with trisomy will be discussed in the next section. The anomalies in section B of Table 1 are not defined more precisely in order to reflect the clinical situation at birth rather than at autopsy or after extensive cardiac evaluation.
Case 2 resembled quite closely, both in clinical course and the congenital anomalies present, cases of the Pierre Robin Syndrome."' This syndrome has been variably defined, but the essence seems to be the presence of micrognathia and glossoptosis leading to choking spells, relieved by placing the infant on its stomach, and feeding problems, variably relieved by positioning. Many anomalies which occur in trisomy 17-18 have been described in association with these findings and include: congenital heart defects, anomalies of the hands and feet, low-set, malformed ears, flattened base of the nose, bird-like face, eye defects, mental retardation and failure to thrive. Although Case 3 is the only one in which glossoptosis has specifically been described, most of the reported cases of trisomy 17-18 have mentioned apneic spells and feeding problems. Both of these were of major importance in Case 2. It seems likely, therefore, that many of the cases that have ben termed Pierre Robin syndrome in the past were instances of trisomy 17-18. It is of interest that one of the photographs in Robin's article' shows a marked similarity to Case 2, with a short sternum, abnormal ears, and possibly flexion of the fingers. No complete description of the infant was given. Smith, et al.' have previously commented on the similarity of the facial appearance of these infants to that described by Potter in children with renal agenesis,9 several of whom had multiple contractures. It will be of interest to study the chromosomes in more infants with both of these syndromes.
Trisomy probably results most commonly from an abnormal first meiotic division, in which a pair of homologous chromosomes fail to disjoin, leading to a gamete with 24, rather than 23 chromsomes. Following fertilization with a normal gamete, three rather than two homologous chromosomes are present in the cells of the resulting individual (trisomy) with a total count of 47 chromosomes. Little is known, however, about the mechanism by which trisomy produces congenital anomalies. Any theory must encompass the two normal patients with trisomy2' " as well as individuals with both severe and borderline stigmata of a particular trisomy. Perhaps simple variation in the genetic content of the homologous chromosomes is the explanation. It is, however, possible that the degree of similarity of the two chromosomes which did not separate during meiosis affects their biological behavior. Two factors are crucial in this regard: whether nondisjunction occurs at first or second meiotic division, and the amount of crossing over at the first meiotic division. In the absence of any crossing over at first meiosis, nondisjunction at first meiosis (where homologous Volume 35, October 1962 Congenital anomalies and autosomal trisomy I KOENIG, LUBS, BRANDT chromosomes are paired) would lead to a situation in which both chromosomes were genetically different. In contrast, nondisjunction at the second meiotic division (where the two chromatids of a chromosome separate) would result in two identical chromosomes in the gamete. In instances where only one or two crossovers occur the latter condition would be approximated for large portions of the two chromosomes in a gamete following nondisjunction at second meiosis. Following fertilization, two of the three homologous chromosomes would carry identical information over much of their length and it is possible that this might result in a less abnormal condition. If this is correct, then a possible explanation is provided for the occurrence of such widely different manifestations of trisomy 21-22 as the child reported by Zellweger, et al."l (Case 1) with mental retardation, epicanthic folds and hypotonia, and the child reported by Dunn, et aL" with hypotonia, but without mental retardation. Neither appeared mongoloid. It is apparent, particularly if one includes the one case of Sturge-Weber Syndrome with trisomy 21-22,M that there are more syndromes associated, at least at times, with trisomy of this group than can be accounted for on a "one trisomy-one syndrome" basis. Perhaps the mildly affected cases of Zellweger, et al. and Dunn, et al. are instances where nondisjunction occurred at the second meiotic division and two of the three homologous chomosomes are quite similar. Future improvements in techniques should provide a means of testing this hypothesis.
CASES WITH NORMAL KARYOTYPES
Six of the ten children selected for study because of their multiple congenital anomalies were found to have normal chomosome counts and karyotypes. Their clinical findings are presented below and the cytological observations in Table 2 .
Case 5. T.F. (Y-NH 55-07-22), a boy, was born to a 17-year-old mother. The father was 18 at the time. Family history was unremarkable. Abnormalities observed at birth included: widely set eyes, poorly formed nose, a large bilaterally cleft lip and palate, abnormal genitalia with a 1.5 cm. phallus, a bifid scrotum containing testes and severe hypospadias, bilateral inguinal herniae and an imperforate anus. At three months of age the child's growth and development appeared to be normal for his age.
Lack of mental retardation and a maternal age of 17 were strong points against trisomy in this child (cf. +-_+- In spite of many features suggestive of each of the three trisomic syndromes the karyotype was normal. Family history revealed that a diabetic maternal grandfather was confined in a mental hospital and a maternal uncle had cerebral palsy and a club foot. The mother of the baby appeared to be of limited intelligence.
At birth congenital anomalies noted included: generalized hypotonia, rounded head, epicanthic folds, mongol slant to the eyes, a broadened nose base, a small preauricular tag on the right, a high-arched palate, left talipes equinovarus and metatarsus varus on the right.
At 10 months of age, mental retardation was noted. Intravenous pyelograms failed to reveal any renal function on the left. The pelvis was noted to be unusual with tapering of the ischial pubic rami, flat acetabullar roofs and outward splaying of the iliac wings. The iliac index was 58 (in the range for mongolism). All these findings were thought suggestive of mongolism.
This child had so many features of mongolism that one wonders if he is not a mosaic for 21 or an instance of partial trisomy which is not cytologically detectable. These possibilities are considered further in the discussion. Family history was non-contributory. At seven months of age the following abnormalities were noted: dysostosis of the frontal and parietal bones with a large defect measuring 11 x 20 cm., low-set ears and cleft soft and hard palate.
At 18 months, moderate micrognathia was noted as well as severe growth retardation. At 22 months her height was 27 inches (50th percentile for an 8-month-old child). Her weight was 5750 g. (50th percentile for a 3-month-old child). A moderately enlarged clitoris as well as small palpebral fissures were noted at this time. It was felt that the patient, because of her severe growth retardation, was an example of a primordial dwarf. Mental retardation was also present.
Again, an average maternal age and normal mental development were points against trisomy. Case 9. D.W. (Y-NH 54-95-69), a girl, was born to a 34-year-old mother. The father was 35 at the time of the child's birth. Family history was non-contributory. At birth flaccidity of both extremities and a cleft palate were noted. At two years of age she was admitted to the Yale-New Haven Medical Center for evaluation of developmental retardation and hypotonia. The following abnormalities were found on physical examination: abnormally shaped head, antimongoloid slant to the eyes, ptosis of the right lid, high-arched, cleft palate and a flat bridge of the nose. A to-and-fro murmur was heard along the left sternal border and chest films revealed left atrial and biventricular enlargement. The findings were thought to suggest an interventricular septal defect.
In addition to the aforementioned abnormalities, neurological examination revealed generalized flaccidity and hypotonia of the lower extremities. A diagnosis of hypotonic diplegia was made and it was felt that the neurologic disorder was the result of lesions involving the cerebellum and cortical-spinal tracts. Center to a 24-year-old mother. The patient's father was 30 at the time. Family history was non-contributory. At one week of age increasing jaundice was noted, as well as the following anomalies: prominent frontal and parietal bossing, port-wine stains over the occipito-parietal area of his head and an enlarged liver. Surgical exploration at four months of age revealed a normal extrahepatic ductal system. It was felt that there was biliary obstruction but that it was intrahepatic. The patient, subsequently, has been noted to have peculiar facies with a small nose, closely set eyes, and a hypoplastic maxilla. Other abnormalities include: high-arched palate, small hands and feet, alternating strabismus and mild retardation.
A systolic murmur which radiated to the axilla and back, first noted at four months of age, still persists at age 13, but without clinical symptomatology related to cardiac disease. Electrocardiograms show right axis deviation with incomplete right bundle branch block. The possibility of an interatrial septal defect or anomalous venous return has been suggested.
This boy had a rather unusual set of anomalies, including a peculiar sunken facies and intrahepatic biliary obstruction. Table 3 lists the frequency of anomalies observed in the six cases with normal karyotypes. The incidence is compared with certain anomalies occurring in the three autosomal trisomy syndromes which have been discussed. Anomalies found in the latter, but not found in the children with the normal chromosome karyotypes, are not included in the table.
DISCUSSION
As can be seen from the table, certain types of congenital anomalies appear to occur frequently not only in the three autosomal trisomy syndromes but also in children with multiple congenital anomalies and normal chromosome karyotypes. Mental retardation, abnormally shaped head, lowset ears, palatal defects, and congenital heart defects were found in all the groups studied. Other congenital anomalies found to be present in at least a few of the children with normal chromosome karyotypes, and also reported in at least one type of autosomal trisomy include: micrognathia, hypotonia, broad base of the nose, renal anomaly, and epicanthic folds.
One child in the group of children with normal chromosomes (Case 7) was considered to be a possible mongoloid. As can be seen from 22 . This fragment could be translocated onto another chromosome, perhaps one of the larger ones, so that by present microscopic techniques it would be undetectable. Patau looked upon this syndrome as the first recognized example of the large class of rare syndromes caused by an inexhaustible variety of chromosome rearrangements. While this possibility is an appealing one, and would explain the similarity of several of the present cases to patients with the trisomic syndromes, it must be regarded as unproven. It is also apparent that more than one tissue must be studied in cases felt clinically to have trisomy if mosaicism is to be ruled out with assurance.
A patient with multiple anomalies who does not fit easily into one of the three trisomic syndromes on the basis of the specific anomalies given in Tables 1 and 3 , should, however, be suspected of trisomy if he or she is an infant under three years of age with a great number of anomalies and with an older mother. Trisomies 13-15 and 17-18 have not been found in older children and adults. Although there are many exceptions to these statements they appear useful in deciding whether the possibility of trisomy should be investigated.
CONCLUSIONS
In conclusion, the diagnostic value of chromosome determinations utilizing peripheral blood has been demonstrated, both in confirming clinically borderline cases of trisomy (Case 4) and in ruling out the full trisomic syndromes (Case 7). The latter must be viewed with some caution, however, since mosaicism or partial trisomy may exist but cannot always It is suggested that some minimally abnormal individuals with autosomal trisomy may have resulted from a gamete in which nondisjunction occurred at the second meiotic division following minimal crossing-over. This would result in two of the three homologous chromosomes being identical or at least identical over much of their length. It seems possible that this might represent a more benign condition.
The clinical usefulness of chromosome studies is discussed, and the most important diagnostic features of the trisomic syndromes outlined. In trisomy 17-18 these are: malformed ears, micrognathia, spasticity, malformed sternum, and probably polyhydramnios and dorsiflexion of the hallux. In Trisomy 13-15, they are: polydactyly, capillary hemangioma, cleft palate and eye defect. Such anomalies as congenital heart defect (particularly interventricular septal defect), mental deficiency and low-set ears are found both in the trisomic syndromes and in children with normal chromosomes and multiple anomalies and are therefore not diagnostic. The finding of greatest interest in these two reports is the absence of the corpus callosum in the report by Northcutt. 203 
